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The unique life forms found on remote islands captured 
the keen observational talents and imagination of a young 
naturalist aboard a ship of the royal British navy. During 
his explorations of the Galapagos archipelago, he observed: 
“Most of the organic productions are aboriginal creations, 
found nowhere else; there is even a difference between the 
inhabitants of the different islands; yet all show a marked 
relationship with those of America, ….” And “Considering 
the small size of these islands, we feel the more astonished at 
the number of their aboriginal beings, and at their confined 
range” (Darwin, 1839, p. 378). Islands thus played a seminal 
role in the development of the theory of evolution, which 
fundamentally changed the way we explain the origin and 
history of biological diversity. In “The Origin of Species”, 
Darwin dedicated an entire chapter to islands (Chapter 12). 
Here, he remarked that his newly developed theory predicted 
the fact that islands would harbor species found nowhere 
else in the world. “Although in oceanic islands the number 
of kinds of inhabitants is scanty, the proportion of endemic 
species (i.e., those found nowhere else in the world) is often 
extremely large” And: “This fact might have been expected 
on my theory, for… species occasionally arriving after long 
intervals in a new isolated district, and having to compete 
with new associates, will be eminently liable to modification, 
and will often produce groups of modified descendants” 
(Darwin, 1859, pp. 381-382). Thus the existence of island 
endemics represented an important observation supporting 
Darwin’s theory of evolution, while prompting him to lay 
the foundations for a theory of island biogeography. 
Ever since Darwin’s seminal studies on the Galapagos 
archipelago, islands have been viewed as ideal laboratories 
to study key evolutionary processes, including the origin of 
their endemic species, the relationships among species in 
nearby islands and the mainland, the relative roles of abiotic 
and biotic interactions in shaping community composition, 
and the vulnerability of islands to invasions. However, 
Darwin’s observations on island life were based mainly on 
oceanic islands, which are formed de novo from the bottom 
of the ocean via volcanic/tectonic processes. Such islands 
emerge bare of life and biotic elements can colonize their 
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empty ecological niches exclusively via long distance dispersal (LDD) over oceanic barriers 
(Darwin, 1859). Oceanic islands are often part of archipelagos where they were formed 
sequentially both in time and space, thus allowing for diversification on different islands 
(i.e., island radiations; Baldwin, 1997). Consequently, oceanic islands are often viewed as 
cradles of new species diversity, for they harbor many neoendemic species (Major, 1988).
Yet other kinds of islands exist that were once connected to continents and became 
separated from them either via tectonic fragmentation (continental fragment islands), 
via changes in sea level (continental shelf islands), or sometimes by both processes at 
different points in time (Whittaker and Fernandez Palacios, 2007). The colonization of 
continental islands was thus possible via a diversity of means, including the splitting 
of an ancestral broader range of distribution caused by plate fragmentation (classic 
vicariance), the expansion from the continent into an island via land bridges, followed 
by range fragmentation as the land bridge was submerged by water (Lieberman, 2003), 
or via LDD over oceanic barriers, as for oceanic islands. Owing to their geologic origin, 
continental islands are expected to harbor species that represent the ancestral continental 
biota (paleoendemics), but they can also provide suitable habitats for colonizers that 
reach them after island formation (neoendemics; Major, 1988). The diversity of means by 
which continental islands can be colonized hence complicates the task of reconstructing 
the sources, colonization routes, and community assembly of such islands, in comparison 
with oceanic islands (Yoder and Nowak, 2006). 
Despite these challenges, comparing the evolutionary histories of species inhabiting oceanic 
and continental islands can illuminate aspects of the theory of island biogeography that 
remain unclear, focusing especially on how different geologic origins affect processes of 
island colonization and speciation, changes in biotic competition and niche filling through 
time, and the genetic diversity of island populations. We are now in a unique position to 
generate the integrative knowledge that is necessary to compare patterns and processes of 
speciation between oceanic and continental islands. Over the past few decades, the advent 
of new methodologies, including genetic analyses at the inter- and infra-specific levels (ie., 
phylogenetics and population genetics, respectively), the ability to link genetic relatedness 
with temporal and spatial frameworks at different time scales, and the development of 
sophisticated models connecting climatological data with species occurrences, now 
provide unprecedented opportunities to identify the evolutionary and ecological drivers 
that have shaped the current composition of island biota.  
Until recently, my research in biogeography has mainly focused on using a phylogeny-
based approach to test for congruence between speciation events and geologic/climatic 
events (Conti et al., 2002; Rutschmann et al. 2004, 2007). Phylogenies allow us to establish 
an evolutionary pattern for the origin of insular taxa by identifying their closest continental 
relatives, establishing whether individual island endemics form monophyletic groups, 
and assessing whether islands were colonized once or multiple times. By reconstructing 
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ancestral areas of distribution for the common ancestors of extant species, phylogenies also 
allow us to infer which continental areas served as sources for island colonization. Finally, 
phylogenies allow us to establish a time frame for species origins (Fig. 1; Rutschmann et 
al., 2004). By combining phylogeny-based information with pre-existing knowledge on 
the geologic formation of different kinds of islands, their climate at the inferred time of 
species divergence, and ecological data on island species and niches we can attain a more 
integrative scenario for the origin of insular biota. 
Fig.1 
The optimal use of the phylogenetic approach to study the origin and evolution of insular 
lineages requires the identification of taxa that include both oceanic and continental 
island endemics, ideally occurring in a biogeographic region characterized by similar 
climatic conditions on both kinds of islands. The Mediterranean Region, comprising the 
Mediterranean basin and the Macaronesian archipelago, represents such an ideal study 
area, because it contains islands of different geologic origins (Quezel 1985, Medail and 
Quezel, 1997; Myers et al. 2000). I focused my research on plant genera with species that 
were endemic either to the oceanic Canary Islands or to the continental islands of Corsica 
and Sardinia. While the Canary Islands were formed in East-West progression starting 
with Fuerteventura around 20 Ma and ending with El Hierro around 1 Ma (Anguita and 
Hernan 2000), the Corso-Sardinian microplate split from the Hercynian block (located 
in the proto-Iberian peninsula) around 30 Ma (Rosenbaum et al., 2002), was temporarily 
connected with the Adria microplate (grossly corresponding to contemporary central Italy) 
in the Early-Middle Miocene (Cherchi and Montadert, 1982), and had episodic contacts 
with surrounding landmasses to the North and to the East during the Messinian Salinity 
Crisis of the Late Miocene (Krijgsman 2002) and the glacial maxima of the Pleistocene 
(Lambeck and Purcell 2005).
Within the geological contexts described above and by using an integrative phylogenetic 
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approach, I addressed the following main questions on the origin of (a) oceanic and (b) 
continental islands endemics in the Mediterranean region: 1a) Were the Canary Islands 
colonized by a single LDD event, followed by diversification in the archipelago, or by 
multiple LDD events? The first scenario would be supported by the monophyly of the 
Canarian endemics, the second by their polyphyly; 2a) Did island colonization follow the 
sequence of island formation, as predicted by the stepping stone model (Sanmartin et al. 
2008), or not?  3b) Did the geologic events of the Corso-Sardinian microplate (Oligocene 
plate splitting, Miocene and Pleistocene land corridors) drive the origin of its endemic 
plants or did the endemics reach the islands via LDD?
To investigate these questions, I selected plant groups that included: i) both Canarian 
and Corso-Sardinian endemics, to enable comparisons between evolutionary processes 
on different kinds of islands, ii) fossils that could be used to calibrate the phylogeny and 
estimate absolute rates of nucleotide substitution; iii) seeds and fruits that could not be 
easily dispersed by wind, thus reducing stochastic processes of dispersal to continental 
islands. After extensive screening, I selected the Araceae (Areae: Helicodiceros, Arum, 
Biarum, Dracunculus), Boraginaceae (Borago, Anchusa, Echium), and Rutaceae (Ruta). 
Phylogenies were inferred using chloroplast DNA (cpDNA) sequences from the following 
regions: the trnL-trnF intergenic spacer and the matK gene in all three plant families; 
the trnL intron, part of the trnK intron, and the rbcL gene in Araceae and Boraginaceae; 
the rps16 intron in Araceae and Rutaceae; the ndhF gene in Boraginaceae. Phylogenetic 
topology, statistical support, and nodal ages were inferred in a Bayesian framework using 
Mr Bayes ver. 3.1. (Huelsenbeck and Ronquist 2001) and multidivtime (Thorne et al. 
1998) in all three groups, while BEAST (Drummond et al., 2009) was additionally used 
for dating analyses in Rutaceae; ancestral areas of distribution were estimated within a 
parsimony framework using diva (Ronquist 1996, 1997) in Areae and Boraginaceae and 
a maximum likelihood framework using Lagrange (Ree and Smith, 2008) in Ruta (see 
Mansion et al. 2008, 2009; Salvo et al. 2008, 2010 for methodological details).
The comparison of our molecular dating and ancestral area results with the geological 
events that formed different kinds of islands in the western Mediterranean Region allowed 
us to conclude that the origin of species endemic to the fragment islands of Corsica and 
Sardinia was driven by different geological and stochastic processes at different points in 
time, conforming with the complex geological history of this microplate. Such processes 
included: i) classic vicariance, caused by the splitting of an ancestral Hercynian mountain 
belt in proto-Iberia (Helicodiceros muscivorus); ii) colonization via land bridges with 
the Adria microplate from the East (Arum pictum), the North (ancestor of Ruta corsica 
and R. lamarmoarae), and the South (ancestor of Borago pygmaea and B. morisiana), 
followed by divergence driven by tectonic disconnection of the land corridor between the 
two microplates in the middle Miocene (about 16 Ma) for Arum and Ruta (Fig. 2) and 
flooding at the end of the Messinian Salinity Crisis (5-6 Ma) for  Borago; iii) LDD in the 
Late Pliocene for the CS endemics of Anchusa. These results suggest that the persistence 
of ancient Hercynian elements (paleoendemics) in the Corso-Sardinian flora might be 
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more rare than previously proposed (Cardona and Contandriopoulos, 1979), while the 
repeated episodes of land connection and disconnections between the CS microplate 
and surrounding landmasses in the Miocene offered numerous opportunities for range 
expansion and allopatric speciation driven by the severance of land corridors (Mansion et 
al., 2008, 2009; Salvo et al., 2010). 
Fig 2. Origin of Corso‐Sardinian endemics inferred from molecular dating and ancestral area 
reconstruction analyses of cpDNA sequences (modified from: Salvo G., S. Ho, G. Rosenbaum, R. Ree, E. 
Conti. 2010. Tracing the temporal and spatial origins of island endemics in the Mediterranean region: A case 
study from the citrus family (Ruta L., Rutaceae). Systematic Biology 59: 705‐722)
Concerning the origin of oceanic island endemics, we were able to conclude that the 
Canarian Dracunculus canariensis diverged from its eastern Mediterranean sister D. 
vulgaris around 21 Ma, concomitantly with the emergence of the eastern islands in the 
Canarian archipelago. A possible explanation for the current absence of D. canariensis 
from Fuerteventura and Lanzarote might involve the disappearance of suitable habitats 
on these older islands, while the lack of diversification of Dracunculus in the archipelago 
remains to be explained. Confirming the results of other studies (for ex., Francisco Ortega 
et al., 2001; Boehle et al. 1996), our phylogenetic analyses of Echium and Ruta indicated 
that the Canary Islands were colonized once by the ancestors of the respective endemics, 
most likely from Africa, in the middle Miocene, following the formation of the oldest 
islands in the eastern part of the archipelago (Fuerteventura, 20 Ma). Our species sampling, 
including only eight out of 27 Macaronesian Echium species, was too limited to afford any 
conclusions on the model of inter-island colonization. Contrary to other studies, which, 
however, did not include molecular dating and ancestral area analyses (e.g. Thorpe et al., 
1993; Besnard et al., 2009), our reconstruction of ancestral areas of distribution inferred 
Gomera as the first island colonized by Ruta, even though this island is younger and to 
the West of Gran Canaria, where R. oreojasme occurs. Our current results thus do not 
conform to a simple stepping stone model for island colonization, although uncertainty 
surrounding Lagrange reconstructions should be kept in mind (Fig. 3). 
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Fig 3. Origin of Canarian endemics inferred from molecular dating and ancestral area reconstruction 
analyses of cpDNA sequences (modified from: Salvo G., S. Ho, G. Rosenbaum, R. Ree, E. Conti. 2010. Tracing 
the temporal and spatial origins of island endemics in the Mediterranean region: A case study from the citrus 
family (Ruta L.,  Rutaceae). Systematic Biology 59: 705-722) 
In all three families, both continental and oceanic island endemics originated well before 
the onset of the Mediterranean climate in the Late Pliocene, suggesting that the lineages 
had to adapt to changing climatological conditions in order to persist on the islands and 
underscoring the role of parallel filtering processes on different islands inhabited by closely 
related species. The studies performed so far highlight the importance of identifying 
suitable windows of opportunity for island colonization by finding the temporal overlap 
between the geologic origins of the islands, the confidence intervals around the stem and 
crown ages of island endemics, and the source areas that were available at the time of 
speciation, requiring detailed paleogeographic reconstructions. 
I am now pursuing new questions stemming from the results and experience of my 
previous studies on Mediterranean island endemics. Ruta is a particularly suitable group 
to compare evolutionary patterns in oceanic and continental islands, because this strongly 
monophyletic genus of only nine species includes three Canarian endemics, two Corso-
Sardinian endemics, and four widespread Mediterranean species, thus allowing for in-depth 
molecular and taxic sampling, which is necessary to address issues of monophyly and gene 
flow between island endemics. The first, obvious goal was to complement the results from 
cpDNA analyses (Salvo et al., 2008, 2010) with phylogenetic analyses of DNA sequences 
from the nuclear genome (nDNA) and increased infra-specific sampling to ask: i) Are the 
phylogenetic relationships and origins of island endemics inferred from cpDNA analyses 
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confirmed by nDNA data? ii) Are individual island endemics monophyletic or not? If not, this 
result case might suggest gene flow between island endemics. We are currently addressing 
these questions by using ITS sequences, which were cloned to investigate infra-individual 
variation of haplotypes. The ITS phylogeny is partially congruent with the topology of the 
cpDNA tree, for it confirms the monophyly of both the Canarian and Corso-Sardinian 
endemic groups, respectively, and the sister relationship between the Canarian clade and 
the western-eastern Mediterranean disjunct R. montana. However, the relationships of the 
Corso-Sardinian clade differ between the cpDNA and nDNA trees, for the former supports 
a sister relationship with a clade formed by the widespread R. chalepensis, R. angustifolia, 
and R. graveolens, while the latter supports a sister relationship with R. graveolens only. 
Additionally, neither the two Corso-Sardinian nor the three Canarian endemics are 
reciprocally monophyletic in the ITS tree. This latter discrepancy between the cpDNA 
and nDNA trees suggests that, after the initial divergence between species tracked by the 
maternally inherited cpDNA, inter-island gene flow via pollen and/or seeds was possible in 
more recent times in both the oceanic and fragment island endemics, a signal detected by 
the nDNA sequences (Reid, Meloni, and Conti, In preparation). The ability of organellar and 
nuclear genomes to track older and younger evolutionary signals, respectively, has already 
been used to uncover superimposed patterns of initial species divergence followed by inter-
specific gene flow (e.g., Eidesen et al., 2007; Palumbi et al., 2001; Casazza et al., 2012).
What are the open, remaining questions in island biogeography that can benefit from 
comparisons between oceanic and continental islands?  The main examples can be drawn 
from investigating how the different geologic origins of such islands inform expectations 
on changes in genetic diversity, breeding systems, morphological traits, and ecological 
preferences between insular endemics and mainland relatives (Fig. 4). Speciation on 
oceanic islands is always driven by founder effect, where a few propagules establish a 
population that can then diverge into a new species. Consequently, we can expect that 
oceanic insular endemics, at least for a certain amount of time after colonization, will be 
characterized by significantly lower genetic diversity than their mainland counterparts. 
Furthermore, allogamous plants colonizing an oceanic island will most likely face a lack of 
suitable pollinators and con-specific mates. Therefore, autogamous phenotypes will have 
a better chance of establishment. According to Baker’s law (Baker, 1955), island endemics 
will thus be generally more self-compatible than their mainland relatives. The genetic 
bottleneck associated with the establishment of oceanic island populations might also 
imply adaptation to abiotic ecological conditions that differ from those of the mainland. 
Alternatively, the new propagules might find either a lack of competitors or different 
competitors from those of the source population, a phenomenon that has been termed 
“ecological release” (Blondel 1985) and might allow for the invasion of a broader ecological 
niche on islands. Insular taxa have also been associated with increased woodiness, 
convincingly demonstrated especially for oceanic species (Carlquist 1974), and  larger seed 
size  (Cody and Overton, 1996).
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Fig 4. Comparisons between oceanic and continental islands 
Conversely, the origin of fragment insular endemics may have been driven by range 
fragmentation due to plate splitting or land-bridge disconnection, as demonstrated, for 
example, for the origin of Corso-Sardinian endemics in Ruta (Salvo et al., 2010). In this 
case, the genetic diversity of the insular taxa may not differ significantly from that of their 
mainland relatives. Similarly, the breeding system and ecological preferences of fragment 
island endemics are not expected to significantly differ from those of the mainland relatives. 
Predictions would obviously differ under an inferred scenario of species origin via LDD 
for continental island endemics. 
To address these different predictions, we are comparing the genetic diversity, breeding 
systems, and ecological preferences of Ruta species endemic to different kinds of islands 
and their mainland relatives. The similarity in the age of the Canarian (16 Ma) and Corso-
Sardinian (15.19 Ma) clades makes the comparison especially informative, because it 
decreases the confounding effects of different ages. Within the Canarian clade, we have a 
series of species ages that might allow us to investigate the effect of time on the accumulation 
of genetic diversity, with R. oreojasme at 6.9 Ma and R. pinnata-R. microcarpa  at 2.7 Ma. 
The age of the latter two species is similar to the age of the Corso-Sardinian R. corsica and 
R. lamarmorae (3.0 Ma; Salvo et al., 2010). We have already identified 11 microsatellite 
loci that are polymorphic in the three Canarian species and their R. montana sister and 
screened seven of these loci in four out of the five existing populations of R. microcarpa (La 
Gomera) and 8 out of the 11 populations of R. oreojasme (Gran Canaria). Our ultimate goal 
is to estimate the genetic diversity of insular and mainland taxa and perform comparisons 
within island systems, between island systems, and between islands and mainland (Meloni, 
Reid, Cajaupe-Castells, Fernandez Palacios, Conti, In preparation; Meloni et al., 2013).
Additionally, we are planning to explicitly compare the degree of woodiness between Ruta 
insular taxa and their mainland relatives. Available data indicate that R. montana from the 
mainland is a herbaceous species only 15-70 cm tall, while the three Canarian relatives range 
from small (R. oreojasme) to big shrubs (R. microcarpa) and small trees 1-2 m tall (R. pinnata). 
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Conversely, the two Corso-Sardinian endemics (15-50 cm) and their widespread relatives (14-
75 cm) do not appear to significantly differ in size and, likely, degree of woodiness. We will 
also test the hypothesis of a shift in the ecological niche occupied by insular vs. widespread 
relatives. Preliminary observations on the presence of R. microcarpa on the northern, wetter 
part of La Gomera, R. oreojasme on the southern, drier part of Gran Canaria, and R. pinnata 
on both the wetter and drier sides of Tenerife are suggestive of a possible expansion of the 
ecological niche in the Canarian clade vs. R. montana. The formal comparison of ecological 
niches presents challenges linked with the low population number of the insular endemics. 
One possibility might be to project the ecological niche of the mainland species onto the 
island space, check for the presence or absence of similar niches, and compare them with the 
actual localities of insular taxa, but other, recently developed methods for the quantification 
of niche overlap will also be evaluated (Broennimann et al., in review)
We are planning to test the predictions of Baker’s law (i.e., that insular taxa, and oceanic 
ones in particular, will be more self-compatible than mainland relatives) in Canarian 
and mainland relatives of Limonium (focusing on insular and Iberian populations of L. 
sinuatum and L. lobatum). This new project, already started by Dr. Ares Jimenez, will 
also investigate issues of monophyly and gene flow among Canarian Limonium, whether 
speciation occurred primarily allopatrically, sympatrically, or by a combination of both, 
and the prediction that the seeds of island species will be heavier than the seeds of mainland 
relatives (Jimenez, Fernandez Palacios, Cajaupe-Castells, Conti, In prep). Limonium 
represents an ideal genus to ask these questions because: i) it includes 18 species endemic 
to the Canarian archipelago and five additional species that occur both on the islands and 
mainland, thus allowing for multiple comparisons at different hierarchical and temporal 
levels; ii) a backbone phylogeny of the genus (including only single representatives of six 
insular endemics) is available (Lledo et al., 2005), thus guiding our planned, more intensive 
phylogenetic analyses; iii) variation of breeding systems and self-incompatibility has 
been documented in the genus, thus suggesting that shifts between mainland and island 
populations are possible (Baker, 1953).
In conclusion, comparisons between continental and oceanic islands endemics vs. mainland 
relatives that focus on the patterns, sources, and timing of species origins, inter-specific 
and inter-island gene flow, changes in genetic diversity, shifts of ecological preferences, 
reproductive strategies, and morphological characteristics (growth form, seed size, flower 
size) will bring new light on how the mode of island origin and initial colonization affect 
the evolution of island taxa. Such comparisons are especially informative if performed on 
genera that include taxa endemic to both kinds of islands in the same general climatological 
conditions (as, for example, in the same floristic region).  Additionally, explicit knowledge 
of the age of the insular taxa and whether they reached the islands via classic vicariance, 
migration over land bridges, or long distance dispersal (for continental islands) is essential 
to account for the effects of time and colonization mode on changes in genetic diversity 
and ecological preferences. The integrative knowledge necessary to perform the discussed 
comparisons between oceanic and continental islands can be achieved only via extensive 
collaborations between island biogeographers, phylogeneticists, population geneticists, 
and ecological niche modelers. 
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